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[57] ABSTRACT

There i1s disclosed a process for the preparation of
2-methyl- 1,5-diaminopentane by a multi-stage hydro-
genation of a-methylene glutaronitrile using as a cata-
lyst a highly dispersed form of nickel in which the first
stage hydrogenation is conducted at temperatures
ranging from about 20°C to about 50°C and a hydro-
gen pressure of at least about 14 kilograms per square
centimeter and the second stage hydrogenation is con-
ducted at temperatures ranging from about 120°C to
about 140°C using a hydrogen pressure of at least
about 42 kilograms per square centimeter.

2 Claims, No Drawings
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"~ PREPARATION OF
2-METHYL-1,5-DIAMINOPENTANE

“This. invention is directed to the preparation of 2-
methyl-1,5-diaminopentane. More specifically, it is
directed to the preparation of 2-methyl-1,5-diamino-
pentane by a multi-stage hydrogenation process of
a-methylene glutaronitrile using as a single catalyst a
highly dispersed form of nickel metal such as Raney
nickel.

. The preparation of 2-methyl-1,S-diaminOpentane
from a-methylene glutaronitrile is not new. In.French
patent specification 1,482,577, there is disclosed a
process whereby 2-methyl-1,5-diaminopentane is pre-

5

10

15

pared from a-methylene glutaronitrile by a multi-stage

hydrogenation process. This prior art process uses in
the first stage hydrogenation, a catalyst which is 5 per-
cent palladium on carbon. After the first stage hydroge-
nation is complete this catalyst is subsequently re-
moved from the hydrogenation mixture and a second
catalyst, a Raney cobalt, is employed in the second
stage hydrogenation to give 2-methyl-1,5-diaminopen-
tane. In the first stage hydrogenation, the temperature
employed was 22°C and a hydrogen pressure of about
103.33 kilograms per square centimeter (kg/cm?) (100
atmospheres) was used. In the second stage hydrogena-
tion, the temperature employed was about 100°C and
the hydrogen pressure was about 377 kg/cm?.

The present invention provides a process whereby

only one catalyst system is employed for both the first
- and second stage hydrogenations, thereby avoiding the
disadvantage of removing the first stage hydrogenation
catalyst from the mixture and adding another catalyst
before the second stage hydrogenation is accom-
plished. |

Thus, the invention is a method for the preparation of
2-methyl-1,5-diaminopentane by a multi-stage hydro-
genation of a-methylene glutaronitrile employing as a
catalyst a highly dispersed nickel metal, in which the
first stage hydrogenation is conducted at temperatures
ranging from about 20° to about 50°C and a hydrogen
pressure of at least about 14 kg/cm? and wherein the

second stage hydrogenation is conducted at tempera-

tures ranging from about 120°C to about 140°C using a
hydrogen pressure of at least about 42 kg/cm?.

In the first stage hydrogenation of the process of this
invention, the a-methylene glutaronitrile is believed to

be converted to a-methyl glutaronitrile, by conversion:

of the methylene group to the methyl group, and in the
second stage hydrogenation the a-methyl glutaronitrile
1s converted to 2-methyl-1,5- dlammOpentane by con-
version of the nitrogens to amino groups.

These reactions can be set forth as:

CH,
N = —L-—-CH,—CH,—C N
| . _ )
N E C-—IH—CH,_CH,_C = N
- CH, '

| H,N-—CH,—JH—CH,—-CH,—CH,—NH,

The temperature at wh:ch the various stages of hy-
drogenation are conducted have been found to be
somewhat critical. In the first stage hydrogenatlon
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wherein the methylene group is converted to a methyl
group, the temperature must be controlled from
slightly below room temperature to about 50°C. If the
temperature is allowed to rise above about 50°C, the
a-methylene glutaronitrile tends to polymerize to form
a polymeric material which is undesirable. The first
stage reduction of the methylene group to the methyl
group 1s accomplished by controlling the temperature
in a range from about 20°C to about 50°C and the
hydrogen pressure to at least 42 kg/cm?. The first stage
hydrogenation is controlled under these conditions
until the hydrogen uptake ceases when one realizes the
methylene group has been converted to a methyl
group. At that time, the temperature is raised to the
range of about 120°C to about 140°C and the hydrogen
pressure is increased to at least about 42 kg/cm?. In the
second stage hydrogenation, the nitrile groups of the
a-methyl glutaronitrile are converted into amino .
groups to form the 2-methyl-1,5-diaminopentane.

It has been found that the process is best conducted
In a solvent system. A variety of solvents may be em-
ployed in the process of this invention. The hydrocar-
bon solvents such as benzene, pentane and hexane are
less preferred because of the poor solubility of a-
methylene glutaronitrile in non-polar solvents. An alco-
hol 1s the solvent of choice with ethanol being most
preferred. The ratio of solvent to «-methylene
glutaronitrile should not be too great since it has been
observed that a large amount of low boiling by-pro-
ducts are formed at high solvent to reactant ratios. For
instance, 20 grams of a-methylene glutaronitrile made
up to 400 milliliters volume in ethanol will give an
appreciable amount of what is presumably an ‘ethanolic
by-product. Similarly, higher boiling by-products will
be formed if too little solvent is employed. For in-
stance, if 100 grams of a-methylene glutaronitrile is
made up to 200 milliliters volume with ethanol, a high
yield of high boiling by-products is formed in the first
stage "hydrogenation. Therefore, the solvent to a-
methylene glutaronitrile weight ratio should vary be-
tween about 1/1 to about 3/1. |

While it is possible to conduct the hydrogenations of
this invention using the a-methylene glutaronitrile
(MGN) in the solvent in the absence of any tertiary
amine, ammonia or other basic materials, it is preferred
to employ small amounts of such materials in the sys-
tem. The use of these basic materials tends to suppress
the formation of secondary and/or heavier amines dur-
ing the hydrogenations. The amount of the basic mate-
rial employed depends on the particular one chosen. If
an amine is used, large excess of the amine based on the
reactant may be used, up to about a weight ratio of
amine to MGN of 6/1. If ammonia, the preferred basic

material, is employed, the amounts found to be satis-

factory would range up to a saturated solution of am-
monia in the solvent and MGN at about room tempera-
ture. If a large excess of ammonia is used, this excess

- leads to extremely high pressures being developed dur-

65

ing the second stage hydrogenation at the higher tem-

peratures therein employed.

Thus, it is usually desirable to conduct the process of
the invention in an alcoholic solvent which has been

made basic by saturating the alcohol solvent/a-methy-
lene glutaronitrile mixture with ammonia.

The pressure of the hydrogen employed in both the

first and second stage hydrogenation has not been

found to be as critical as the temperatures. No upper

limit on the hydrogen pressure of either the first or
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second stage hydrogenation has been determined. It

has been observed however that at least 14 kg/cm? -

hydrogen pressure should be employed in the first stage
hydrogenation. However, due to the exothermic nature
of the initial hydrogenation reaction, an excessive hy-
drogen pressure, ie, above about 28 kg/cm?, would be a
waste. In the second stage hydrogenation, the autoge-
nous vapor pressure, which is in the neighborhood of
31 kg/cm?, of the reaction which is conducted at tem-
peratures from about 120°C to about 140°C forces a

lower constraint on the hydrogen pressure. Thus, a

hydrogen pressure of less than about 35 kg/cm? tends
to give inferior results. Therefore, a preferred hydrogen

pressure of at least 42 kg/cm? is requ1red in the second

stage hydrogenation.
The catalyst employed in both the first and second
stage hydrogenation of a-methylene glutaronitrile of

this invention is a highly dispersed form of nickel.

Raney nickel has been found to be a very good form of
highly dispersed nickel for use in the invention. The
methods of preparing the Raney nickel catalysts which
are useful in this invention are known and can be found
in a book entitled ““Catalytic Hydrogenanon” by Rob-
ert L. Augstine published in 1965 by Marcel Dekker,
Inc, New York, NY. The procedures employed to pre-

pared Raney nickel do not vary widely and are given in
the text above. The author refers to these Raney nickel

catalysts as W1, W2, W3, W4, W5, W6, W7 and W8. In
addition to the W-type Raney nickel, a Raney nickel
referred to as T-1 is preferred or a modification of T-1
Raney nickel is preferred. | '

In the Journal of Orgamc Chemrstry 26 1625

(1961), there is described a process for the preparation

of what the ‘authors refer to as T-1 Raney nickel by
Dommguez Lopez and Franco. In this article, the au-

thors state that the preparation of the T-1 Raney nickel

catalyst is a modification of the procedure described by
Papa, Schwenk and Whitman in the Journal of Orgamc
Chemrstry 7,586, (1942) and Papa, Schwenk and Brie-
ger i the Journal of Organic Chemlstry 14, 366
(1949). All of the Raney nickels described in the arti-
~cles referred to above are operable in the process of
this invention. -

‘Other nickel catalysts useful in the invention can be
~obtained by the use of new techmques known to. the

catalyst art for depositing metals on suitable supports in-

a. highly dispersed form. These nickel catalysts would

exhibit catalytic properties similar to the propertles-

exhibited by the Raney nickel catalysts |

In the article by Dominguez et al., the authors state
that the T-1 Raney nickel is prepared as follows.

In a I-liter, 3-neck flask containing 600 ml of a .10
percent sodium hydroxide solution, 40 grams of Raney
nickel aluminum alloy (50 percent nickel) was added
in small portions over a period of 20 to 30 minutes with
mechanical stirring. The temperature being kept during
this addition at 90°-95°C. The mixture was stirred for
an additional hour period at which time the stirring was

stopped and the nickel was allowed to settle, and the

solution decanted. The reduction was washed with five
200.ml portions of water and then 5 times with 50 ml of

ethanol in such a manner that the nickel was always

covered with liquid. The catalyst was then stored under.

ethanol and refrigerated for further use. .
The Raney nickel actually employed in the examples
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modification of Domlnguez et al’s procedure and 1s as
follows: | DR

A solution of 6 grams of SOdlum hydroxrde in 50 ml
of water was heated to its boiling point and then there
was added 6 grams of Raney nickel aluminum alloy (3
grams of Raney nickel) as: rapidly as' the hydrogen®
evolution permits. This mixture was then digested ‘at

95° to 100°C for 1 hour (reflux) and the water was.
continually replaced as:it evaporated. The solution was
decanted from the Raney nickel and the metal washed:
with three 250 ml portions of cold water. This catalyst"
was employed wrthout further washmg wrth addrtlonal |
ethanol. - o | | LR R
" The ratio of catalyst to the a- methylene glutaromtrlle
has not been‘accurately determined but less'than 1 part :
by weight of catalyst per 100 parts of a-methylene
glutaronitrile leads to inferior results and a catalyst to
reactant ratio greater than 4 parts by weight of Raney
nickel to 100 parts of a- methylene glutaromtrrle has™
not been found to be required. Thus, it could be stated
that from 1 part by weight of nickel up to 4 parts by
weight per 100 parts by welght of a- methylene -'
glutaronltrlle could be employed. |
The invention is further illustrated by reference to-’
the followrng examples which are intended to bé repre-
sentatwe m nature and In NO way hmltmg of the mven-
"EXAMPLE I .

A heat drred I-liter stainless steel reactor was
flushed with mtrogen ‘and charged with an ethanolrc
solution (200 ml total volume) containing 50 g of a-
methylene glutaromtrlle and saturated with anhydrous “
ammonia (ca. 10 g). The solution contained a suspén-
sion of 3 g of the modified T-1 Raney nickel catalyst
The reactor was then charged with about 28 kg/cm? of
hydrogen at room temperature and the contents of the
reactor were stirred continuously. The hydrogen pres-
sure was maintained at about 28 l‘:g/cm2 and the tem--
perature was not allowed to rise above 4S°C by employ-
ing coolmg coils within the reactor. The uptake of
hydrogen usually ceased after about 15 minutes. The
temperature was then raised to 120°C and the hydro-
gen pressure was raised and mamtamed at about 42
kg/cm? for 3 hours. The hydrogen pressure was main-
tained as it was consumed. Thé reactor and its contents

were then cooled to room temperature The catalyst_.

~'was filtered from the reaction mixture. Gas chromato-_ ‘.
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of this application, and termed by the present inventors
as Modified T-1 Raney nickel, was prepared by a slight .

graphic. analysis of the reaction mixture on a 50’ UCW-

98 column (pmgrammed from 80°C to 240°C) re-

vealed a quantitative conversion of a- methylene.
glutaronitrile. The selectivity of 2- methyl 1,5 -diamino-
pentane was 62% and the selectlwty to 3 methylplperl-
dine was 21%, with 14% selectwrty to amino-nitrile,

which can be recycled to produce more 2-methyl-1,5-
diaminopentane.

The 2-methyl-1,5 drammopentane was removed by
distillation in the following manner. The ethanol and
3-methylpiperidine were flashed away from the reac-
tion mixture at atmospheric pressure; the crude 2-
methyl-1,5-diaminopentane was then distilled from
heavies by reducing the pressure to about 1| mm and
applying a small amount of heat (the heavies tend to
pyrolyze and liberate ammonia when attempts are
made -to distill the 2-methyl-1,5-diaminopentane " at
atmospheric pressure). When the diaminopentane has:

-been removed from the heavies, it is redistilled at atmo-
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spheric preséure to give a water-white liquid (bp
192°-195°C).

EXAMPLE Il

A reaction was carried out under the conditions of

Example I, except that the reaction time at 120°C was
4% hours. Gas chromatographic analysis revealed a
quantitative conversion of a-methylene glutaronitrile
and a 41% selectivity to 2-methyl-1,5-diaminopentane
and a 55% selectivity to 3-methylpiperidine, with a 3%
selectivity to an amino-nitrile.

EXAMPLE Il

A reaction was carried out under the conditions of

Example I, except that the reaction time at 120°C was
2% hours. Gas chromatographic analysis revealed a
quantitative conversion of a-methylene glutaronitrile
and a 60% selectivity to 2-methyl-1,5-diaminopentane.

EXAMPLE IV

A reaction was carried out under the conditions of

Example I, except that the reaction temperature was
held at 110°C for 1% hours. Gas chromatographic anal-
ysis revealed a quantitative conversion of a-methylene
glutaronitrile and a 54% selectivity to 2-methyl-1,5-
diaminopentane.
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6
EXAMPLE V

A reaction was carried out under the conditions of
Example I, except that the reaction temperature was
150°C for 1% hours. Gas chromatographic analysis
revealed a quantitative conversion of a-methylene
glutaronitrile and a 46% selectivity to 2-methyl-1,5-
dtaminopentane..

While certain respresentative embodiments and de-
tails have been shown for the purpose of illustrating this

invention, it will be apparent to those having skill in this
art that certain' changes and modifications may be
made therein without departing from the spirit or scope
of the invention.

What is claimed is:

1. The method for the preparation of 2-methyl-1,5-
diaminopentane which comprises hydrogenating o«-
methylene glutaronitrile in a multi-stage hydrogenation
employing as the hydrogenation catalyst in both hydro-
genation stages T-1 Raney nickel or modified T-1
Raney nickel wherein the first stage hydrogenation 1s
conducted at a temperature ranging from about 20°C
to about 50°C and at a hydrogen pressure of at least
about 14 kg/cm® and wherein the second stage hydro-
genation is conducted at temperatures ranging from
about 120°C to about 140°C and a hydrogen pressure
of at least about 42 kg/cm?.

2. The method according to claim 1 in which the
hydrogenations are conducted in an ethanolic solvent

solution containing ammeonia.
* *® * ®
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